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Abstract 
In-depth analysis of the conventional battery charging method and charging technical requirements of lead-acid 
battery in small wind power system, designed a three-stage intelligent charger based on SG3525A, its main circuit 
using the push-pull isolation convert structure, the charge strategy using three-stage approach of constant current, 
constant voltage and trickle charge to achieve at different stages of battery charging requirements. The experiment 
results show that: The charger can adapt to a wide range voltage of charging request, and can achieve real-time 
monitoring charge state and status display, and has over-voltage, over-current protection. 
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1. Introduction  
As a non-polluting and inexhaustible supply of wind and solar energy has recently become a research 
focus, while China have abundant wind energy in remote areas or coastal areas, the applications of small 
independent wind power generation system will have broad prospects. 
In small independent wind power generation system, usually used 24V or 48V battery as the energy 
storage device. When the battery discharged, the wind power generation system will charge it, the wind 
power system block diagram shown in Figure 1. For the cost of battery charger usually used a diode 
charging battery directly, or use a simple Buck charger as the battery charger[1]. The above two charger 
would reduced the service life of rechargeable battery far below desires. 
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Figure 1. Frame of wind power generation system 
To improve battery life and performance protection, this paper aimed at 500W, 24V AC output voltage 
wind power generation system and 24V/200AH batteries designed a three-stage intelligent charger. The 
main circuit of charger used isolated push-pull DC/DC converter with over-voltage and over-current 
protection functions. 
2. Conventional battery charging method 
Today many charging methods suit for lead-acid battery, including constant current charging method, 
constant voltage charging method, pulse charge method, floating charge method, stage charging method, 
and so on. 
2.1 Constant Current Charging Mode 
Charge current always remains same in the process of charging, called constant current charging 
method[2]. For constant current charging method, greater charge current could shortened the charge time. 
If we considered charge time using this method more advantage. However, if the charge current is still the 
same in the late charge, most of the current used for electrolysis water, which not only consumes energy, 
and easy to make temperature rose too high, resulting in plate bending, capacity decreased rapidly and 
early retirement. Therefore, this charging method is seldom used alone. 
2.2 Constant Voltage Charging 
During charging, the charging voltage always remains the same, called the constant-voltage charging 
method. As the constant voltage charging process maintained a certain supply voltage, when charging 
starts charging current quite large, much higher than normal charge current value. Along with the process 
of charging, battery voltage gradually increased, charge current decreases. When battery voltage and 
charging voltage are equal, the charging current will minimize or even to zero. Constant voltage charging 
method can avoid the late charge excessive charge current caused the plate active material loss and 
energy loss. But at the beginning of charging, the charging current is too high, the electrode active 
material shrinkage volume change quickly and affect the mechanical strength of the active substance, 
resulting in that fall off. But at the evening of charging, the charge current has been small, forming a 
long-term undercharge, which can affect battery life. 
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2.3 Pulse Charging Mode 
The pulse charging mode used pulse charging current to charge the battery with a pulse, then stop 
charging for some time[3]. Charge pulse made battery full, while the interval making the chemical reaction 
of batteries sufficiency, so that polarization concentration and ohmic polarization automatically be 
eliminated, thus reducing the battery's internal pressure and make the next round of constant current 
charging can be carried out more smoothly, so that the battery can absorb more energy and improved the 
battery's charge current acceptance rate. 
2.4 Float Charging Mode 
Floating charge type usually used for battery used of intermittent or when AC power failure. Float 
charging methods also commonly as the battery charging in special occasions. The merits of floating 
charge method is to reduce the rate of batteries gassing, and can prevent over charging. The disadvantage 
of float charging method is made individual battery charge imbalance and undercharge, so it need 
periodic equalizing charge. 
2.5 Stage Charging Mode 
This method integrated characteristic of constant current and constant voltage charging method, 
battery charging with a large initial current, after a period of time to use a smaller current, to the late 
charge use a smaller current, that is, within the different stages with different charging currents, so called 
the stage constant current charging method. It generally divided into two stages as well as divided into 
several stages[4]. 
Stage current charging method needed a short charge time, as well as the good charge effect. As at the 
late charging to switch smaller charge current, which reduced erosion of air bubbles on the electrode 
active material, and reduced the shedding of active material. This charging method can extend the battery 
life and save energy, charging completely, so that it is a currently used charging method. 
In view of the above comparison of different charging and characteristics of wind power generation, 
the design of the battery charging method  adopt three-stage intelligent charging. 
3. Principle and Design of Intelligent Charging 
According to charging characteristics and wind power generation system to draw a charging system 
block diagram show in Figure 2. Three-phase AC input voltage through EMI filter, rectifier, and push-
pull DC/DC converter output needed voltage and current. Control the battery charging voltage and current 
by acquisition signal. 

Figure 2. Frame of charger 
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3.1 Push-pull DC / DC Converter 
In the isolated DC/DC converter, usually used flyback, forward, push-pull, half-bridge and full bridge 
topology. When input voltage lower, and power not larger, generally priority to using push-pull structure. 
In addition, push-pull converter have good symmetry and convenient. The basic structure of isolated 
push-pull converter shown in Figure 3. The two MOS of Push-pull converter alternating switched, 
equivalent as two switching power supply, the output power is about equal to twice of a single output 
switching power supply. Therefore, push-pull converter have larger output power, efficiency is high, by 
the bridge rectifier or a full-wave rectified, only need a small filter inductance and capacitance, the output 
voltage ripple can be achieved very little. 
 
Figure 3. Push-pull DC-DC converter isolation 
The basic principle of push-pull converter: the direct current transformed into high frequency AC 
signal to be sent to by high-frequency transformer secondary side bu controlling Q1, Q2 alternating 
switched, after rectification, filtering, obtained DC voltage. R1, C4 and R2, C3 make of a snubber circuit 
to reduce the rectifiers and ringing overshoot. The role of D1 and D2 restrain spike current generated by 
the leakage inductance in switch turn-on and turn-off cycle by cycle, the shunt-wound capacitance can 
inhibit the surge current generated power supply turn-on. Switch Q1 and Q2 are controlled by pulse width 
modulator SG3525A, both with constant voltage and constant current signal regulated by changing the 
PWM duty cycle.  
PWM control circuit used SG3525A with two complementary outputs OUT-A and OUT-B. PWM 
control achieved through the error amplifier, the error amplifier inverting terminal E/A+ (pin 2) connect 
the reference voltage, which by SG3525A own VREF terminal (pin 16) of reference voltage 5.1V through 
resistor divider to provide. Reverse side E/A- (pin 1) connect the output current or voltage feedback 
signal, the switching of negative feedback signal current and voltage achieved by Schottky diode D1. 
Feedback signals compared the reference voltage, the output difference value amplified and sent to the 
pulse width controller, to controlled phase between OUT-A and OUT-B, finally adjust the duty cycle of 
waveform, so that the charging voltage and current stability on scheduled value. 
3.2 High Frequency Transformer Design 
Design specifications: Uin=36V~72V DC, Uo=29V DC, Po=600W, frequency fs=125kHz, duty cycle 
Ts=8ȝs. 
(a) Core selection 
Push-pull transformer core selection according to the method of product to area. The formula is as 
follows: 
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In the formula (1), Ac: core section area, cm2; Wa: core window area, cm2; Pomax: maximum load power 
of transformer, W; Dmax: the maximum duty cycle, selected Dmax=0.45; Bm: maximum working magnetic 
flux density, selected as 2000Gs; fs: transformer switching frequency; Ku: transformer window utilization 
factor, take Ku=0.4; J: transformer primary and secondary current density, A/mm2; Ș: efficiency of 
transformer in the low voltage and full load, taking Ș=0.95. Thus we could obtain the product of core 
effective section area Ac and window area Wa, reference manual for core selection can select EE42 core, 
this design choose EE55 core in order to achieve compatibility of follow-up designed. 
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Here, take 4 turns of NS, re-adjust the NP, gain NP=5 turns. So the push-pull transformer primary 
winding 5T+5T, the secondary windings 4T+4T, winding used 0.2×35mm copper skin. 
3.3 Voltage and Current Sample Circuit Design 
Output voltage regulator using TL431 and PC817 shown in Figure 4. When the output voltage reach to 
29V, through the resistor divider at the end of the voltage reference TL431 is 2.5V, so TL431 cathode 
voltage began to decrease, resulting in PC817 flow forward current through the internal diode, so that the 
output transistor of PC817turn-on, the emission voltage will be feedback to SG3525A pin 1, and then 
adjust the output PWM width of SG3525A bring about the output voltage stable at 29V. 
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Figure 4. Output voltage control circuit 
Current sample is one of the key technologies in high current charger. In this design we used ring 
current transformers as the current sample, the turns ratio is 1:100, not only to achieve precise current 
sample, but also control the sample consume power under 0.5 W. If it is not very demanding 
circumstances, the current sample can also use the 5-ohm manganin line complete current sampling. 
3.4 Protection Circuit design 
a) Over-voltage protection circuit 
The input voltage through the resistor divider into positive input of comparator, and compared with the 
reference voltage of inverting input, when the input voltage is higher than the set value, the comparator 
output high level sent to the SG3525A shutdown protection pin (pin 10), so that achieved protection 
through SG3525A shutdown output signal. 
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Figure 5. Over-voltage protection circuit 
b) Over-current protection circuit 
The sample current of high-frequency transformer transformed to sample voltage, and sent to the 
positive input of comparator compared with the comparator's inverting input reference voltage, when the 
sample voltage is higher than the set value, comparator output high level sent to the base of dynatron, 
which parallel connection at SG3525A's soft-start pin (pin 8), and then the dynatron turn-on bring on the 
voltage of SG3525A pin 8 drop, to stop the output drive signal thereby achieved protection. 
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Figure 6. Over-current protection circuit 
4. Charge Control strategy 
4.1 Charging Strategy 
In the charging process, charging current/voltage curve shown in Figure 7. 
 
Figure 7. Charge current/voltage wave 
After the charger started working, first detection of the battery voltage, if the battery voltage falls 
below 10.5V, instruction the battery has been over-discharged, in order to avoid the battery charge current 
is too large, causing lose control of heat, the battery with a stable low current charging, in order to 
activate the battery. 
c) Constant current charge 
When the battery voltage up to the threshold that battery could accepted high current charging, then 
transferred to constant current charging stage. High current constant current charging stage, the battery 
could accept more reasonable current that tenth of the battery capacity, so the design of current used of 
20A. at the same time constantly testing the battery terminal voltage, when the battery voltage reaches the 
saturation voltage of 29V, the constant current charge stage stop, then transferred to constant voltage 
charge stage. 
d) Constant voltage charge 
Constant voltage charging, through the PWM regulator to maintain a constant charging voltage, charge 
current began to decline. when the charge current drops to under constant charge current to 1/10, that is 
2A, constant voltage charge transfer to trickle charge. 
e) Trickle charge 
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The battery charge voltage is also essential to maintain a constant value when used trickle charge, here 
we select constant charging voltage is 27.2V. In this voltage, the charge of electricity into the battery 
should be sufficient to compensate for the loss energy from the battery local action. The basic charge at 
this time marks the end of the process. 
4.2 Finish Charge Control 
When the battery is full, if not promptly stop charging, the battery temperature will increase rapidly. 
The temperature will accelerate the battery grid corrosion rate and the decomposition of electrolyte, thus 
shortening the battery life, capacity decreased. To ensure the battery is fully charged, but not over-
charged, with timing control. By CD4060 as a timer, when the charge current is less than 2A, the timer 
starts timing, when charging time to time forced to stop. And transformed to the unloading state, the 
excess energy unloading through wind power unloader. 
5. Prototype test results and analysis 
Prototype test results shown in Figure 8,9. Figure 8 is waveform of two MOS gate drive voltage in the 
push-pull converter when the wind power dynamotor 189 rotate speed, the vertical coordinates of 
waveform is 10V/div. Temporality, the wind power generated AC voltage after rectified is 50V and the 
output voltage 29V. 
Figure 9 is the push-pull converter switch drain-source voltage waveform, when the wind power 
dynamotor is 120 turns, then the output DC voltage of wind power dynamotor about 40V, vertical 
coordinates of waveform diagram is 20V/div. This design added absorption circuit of both switcher, 
resulting in reduced the drain-source peak voltage. 

Figure 8. Gate drive voltage waveform of MOS  
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Figure 9. Drain-source voltage waveform of MOS 
6. Conclusions 
With the development of wind power generation, the charging of energy storage battery requires not 
only fast, but also for possible extension of battery life. Relevant information show to use the appropriate 
charging method can improve the battery life of about 20% to 30%. The new design of three-stage high-
power intelligent charger based on SG3525A, not only achieved the battery safety and efficient charging 
in wide range voltage, but also effective protected battery and extent its service life through intelligent 
control. 
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